Supplementary Discussion I: The need for detrending -an elementary illustration
One might think that the relations commonly associated with the NAO phenomenon also hold during climate changes without detrending the signals (as the methodology of some papers suggest, e.g. [25, 43, 44, 45, 46] ). In order to check if this is so, let us consider Fig. S7 in which we display the NAO signal (1) and the DJF surface mean temperature of the Mediterranean: this figure is similar to Fig.  1 of the main text, but, for better visibility, the detrended time series are not included, and we took a different realization, i = 7, for illustrative purposes. Since an increase in the NAO signal in Fig.  S7 is associated with an increase also in the Mediterranean temperature, we conclude that the naive expectation is not valid. Additionally, we qualitatively illustrate the positive correlation between the NAO signal and the Mediterranean temperature in a scatter plot in Fig. S8 : the shape of the data set (as a whole, irrespective of the colouring) is elongated and points to the upper right. When evaluating the correlation coefficient between the NAO signal and the Mediterranean temperature with respect to time, over the full interval [t 1 , t 2 ] = [500, 1498] yr of investigation, we find r N,T = 0.50, positive with 99.99% significance (calculated by a standard t-test), instead of a negative value. Supplementary Figure S7: The NAO signal N of (1) and the corresponding DJF surface mean temperature T of the Mediterranean in one of the particular climate realizations (i = 7). The forcing (i.e., the CO 2 concentration) is also plotted as a function of time. The vertical dot-dashed (dashed) lines in grey mark the beginning (end) of the CO 2 ramps.
The observed positive correlation between the NAO signal and the temperature in the Mediterranean (i.e., a high NAO signal associated with higher temperature) is due to the overall trends appearing in these quantities during climate changes. This effect is illustrated by Fig. S9a which presents the NAO signal of the investigated single climate realization as compared to its temporal average over the full interval [t 1 , t 2 ] = [500, 1498] yr of investigation. For a clear overview, we consider the anomaly of the NAO signal (denoted by A [t 1 ,t 2 ] ) defined as the value also divided by the standard deviation taken over the same time interval: Supplementary Figure S8 : The DJF surface mean temperature T of the Mediterranean as a function of the NAO signal N of (1) Fig. S9a one sees that the NAO anomaly is predominantly negative in the climate with 360 ppm and positive in the climate with 720 ppm, which means that the NAO signal itself is below-than-average and above-thanaverage in these two kinds of stationary climate. Therefore, the values in Fig. S9a do not represent the anomaly of the NAO signal within either of these particular kinds of stationary climate. As a consequence, the commonly recognized correlation, valid within a stationary climate, may not be found (as indicated by r N,T = 0.50 > 0). One might try to evaluate averages and correlation coefficients over shorter time intervals than in Fig. S9a in order to characterize better the anomaly of the NAO signal. Figure S9b illustrates such an attempt with 100-year intervals. It is clear that the overall effect of the climate change still dominates the interval [t 1 , t 2 ] = [600, 699] yr: in the first half of this interval, the anomaly A [t 1 ,t 2 ] is negative, and it is positive in the second half of the interval. Furthermore, the correlation coefficient r N,T calculated for this particular interval is positive, with 96% significance. These observations contradict the common relation between the temperature and the NAO signal (which is satisfied, however, in both neighbouring intervals -the significance for a negative correlation is 99.99% for the interval [t 1 , t 2 ] = [500, 599] yr, and it is 88% for the interval [t 1 , t 2 ] = [700, 799] yr). This suggests that during a climate change, the common correlation patterns can hold only for anomalies with respect to some signal from which the externally induced trends are removed. The observation of negative and positive anomalies in the interval [t 1 , t 2 ] = [600, 699] yr of Fig. S9b does not reflect the anomalies with respect to such a signal, since the climate properties are continually shifting in the investigated interval. 
